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,Q WHUPVRI H[SHFWHGGHPDQGSURMHFWLRQV WKH FRQVWUXFWLRQRI VFHQDULRV DOORZVREWDLQLQJXVHIXO LQIRUPDWLRQ DERXW
GHPDQGYDULDEOHVRUDERXWGDLO\GHPDQGSDWWHUQV7KHVHFRQGVWDJHFRQVLVWVRI WKH LGHQWLILFDWLRQRI WHPSRUDODQG
VSDWLDOVFDOHVDQGUHVSHFWLYHO\WKHLGHQWLILFDWLRQRIWKHOHYHORIPDQDJHPHQWLHVWUDWHJLFWDFWLFDODQGRSHUDWLRQDO
DVVRFLDWHGWRHDFKVFHQDULR,QWKLVZRUNWKHVWUDWHJLFOHYHOLVDVVRFLDWHGWRDORQJWHUP\HDUVDVDWHPSRUDO
VFDOHWKHWDFWLFDOOHYHOIRFXVHVRQWKHPHGLXPWHUP\HDUV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7KHWKLUGVWDJHIRFXVHVRQWKHVHOHFWLRQRIWKHEHVWDSSURDFKIRUWKHFRQVWUXFWLRQRIGHPDQGVFHQDULRVEDVHGRQWKH
SUHYLRXVZRUN>@7KHREMHFWLYHRIWKLVDSSURDFKLVWRSUHVHQWDGLIIHUHQWPDWUL[IRUHDFKWHPSRUDODQGVSDWLDOVFDOH
7KHZDWHUXWLOLWLHVPD\FKRRVHWKHWUHQGVDVVRFLDWHGZLWKHDFKNH\YDULDEOHLQRUGHUWRREWDLQWKHGHPDQGVFHQDULR
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>@
7KH6WHS6FHQDULRFKDUDFWHUL]DWLRQDLPVDWLGHQWLI\LQJWKHIDFWRUV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FRQVXPSWLRQDQGWKHWUHQGVDQGXQFHUWDLQWLHVDVVRFLDWHGWRHDFKNH\YDULDEOH.H\YDULDEOHVZHUHRUJDQL]HGLQWKH
IROORZLQJFDWHJRULHVHFRQRPLFVRFLRGHPRJUDSKLFFOLPDWHLQIUDVWUXFWXUHWHFKQRORJLFDOUHJXODWLRQVDQGRUGLQDQFHV
$GGLWLRQDOO\NH\YDULDEOHVZHUHGLYLGHGHPSLULFDOO\E\WKHWHPSRUDOVFDOHDFFRUGLQJWRWKHLULQIOXHQFHRQGRPHVWLF
ZDWHU FRQVXPSWLRQ E\ D JURXS RI VSHFLDOLVWV LQ VDQLWDU\ HQJLQHHULQJ IURP WKH 1DWLRQDO /DERUDWRU\ IRU &LYLO
(QJLQHHULQJ 6KRUWWHUP NH\YDULDEOHV ZHUH DVVRFLDWHG ZLWK VHDVRQDOLW\ HJ WRXULVP WHPSHUDWXUH DQG UDLQIDOO
0HGLXPWHUPNH\YDULDEOHVZHUHDVVRFLDWHGZLWKHFRQRP\HJZDWHUSULFLQJV\VWHPLQIUDVWUXFWXUHWHFKQRORJLHV
UHJXODWLRQV DQG RUGLQDQFHV HJ ZDWHU UHVWULFWLRQV )LQDOO\ ORQJWHUP NH\YDULDEOHV ZHUH DVVRFLDWHGZLWK VRFLR
GHPRJUDSKLFVHJKRXVHKROGVL]HDQGKRXVLQJW\SRORJ\7UHQGVIURPWKHGLIIHUHQWNH\YDULDEOHVZHUHDOVRLGHQWLILHG
IURPSURMHFWLRQVRUSUHGLFWLRQV:KLOHSURMHFWLRQVFRPHIURPH[LVWLQJVFHQDULRVWXGLHVVXFKDVWKRVHFDUULHGRXWE\
WKHQDWLRQDOVWDWLVWLFVLQVWLWXWHVVHHIRUH[DPSOH>@DOORZLQJWRREWDLQWKHWUHQGVDQGXQFHUWDLQWLHVSUHGLFWLRQV
ZHUHHVWLPDWHGE\WKHUHJUHVVLRQDQDO\VLVRIKLVWRULFDOGDWDIURPWKHNH\YDULDEOHV7KLVDQDO\VLVDOORZVSUHGLFWLQJWKH
YDOXHRINH\YDULDEOHWRWKH\HDURIVFHQDULRFRQVWUXFWHG
7KHWKLUGVWHS6FHQDULRFRQVWUXFWLRQLVWKHFRQVWUXFWLRQRIGLIIHUHQWVFHQDULRVEDVHGRQWKHNH\YDULDEOHVWUHQGV
DQGXQFHUWDLQWLHVLGHQWLILHG7KHLQSXWVIRUWKLVVWHSDUHWKHSUHGLFWLRQPRGHOVGHYHORSHGLQSUHYLRXVZRUNV>@
DQGDVVRFLDWHGWUHQGVWRSURMHFWWKHZDWHUGHPDQG7KHVHSURMHFWLRQVZHUHREWDLQHGIRUDQLQLWLDOVFHQDULR$IWHUWKH
FRQVWUXFWLRQ RI WKH LQLWLDO VFHQDULR LW LV QHFHVVDU\ WR WHVW LWV UREXVWQHVV 6WHS  LQ ZKDW FRQFHUQV WR LWV LQWHUQDO
FRQVLVWHQF\DQGSODXVLELOLW\,IWKHFRPELQDWLRQVDUHQRWFUHGLEOHRUSRVVLEOHVKRXOGEHHOLPLQDWHGDQGQHZVFHQDULRV
WZRRUPRUHDUHFUHDWHGXQWLOLQWHUQDOLQFRQVLVWHQF\LVDFKLHYHGWKURXJKDQLWHUDWLYHSURFHVV
$YDLODEOHGHPDQGSUHGLFWLRQPRGHOVZHUHXVHG >@ WRHVWLPDWLQJZDWHU GHPDQG LQ WHUPVRI DYHUDJHGDLO\
GHPDQGDQGRIGDLO\GHPDQGSDWWHUQVEDVHGRQVRFLRGHPRJUDSKLFLQIUDVWUXFWXUHDQGELOOHGFRQVXPSWLRQYDULDEOHV
+RZHYHUWKH\GLGQRWLQFRUSRUDWHDQ\VKRUWWHUPNH\YDULDEOHPHQWLRQHGEHIRUHHJWHPSHUDWXUH7KHUHIRUHWKLV
VWXG\H[SORUHGDOVRWKHHIIHFWHGRIWHPSHUDWXUHRQFRQVXPSWLRQ7RH[SORUHWKLVHIIHFWWHPSHUDWXUHDQGQHWZRUNIORZ
GDWD ZHUH SURFHVVHG DQG DQDO\VHG 1HWZRUN IORZ GDWD SURFHVVLQJ LQFOXGHG QRUPDOL]DWLRQ ZLWK D WLPHVWHS RI 
PLQXWHVGHWHFWLRQDQGUHPRYDORIRXWOLHUVDFFRUGLQJWR>@7KHUHIRUHDQDGGLWLRQDOYDULDEOHDYHUDJHGDLO\VXPPHU
WHPSHUDWXUHZDVDGGHGWRWKHH[LVWLQJSUHGLFWLRQPRGHOV0HDVXUHVRIJRRGQHVVRIILWFDOFXODWHGIRUWKHUHJUHVVLRQ
ZHUH6WDQGDUG'HYLDWLRQ 6'DGMXVWHG UVTXDUH ݎ௔ଶ DQGSYDOXH7KH9DULDQFH ,QIODWLRQ)DFWRU 9,)ZDVDOVR
VWXGLHG WR PHDVXUH RI GHJUHH RI PXOWLFROOLQHDULW\ EHWZHHQ LQGHSHQGHQW YDULDEOHV )RU FODVVLILFDWLRQ RI WKH GDLO\
GHPDQGSDWWHUQVWKHGHFLVLRQWUHHPHWKRGZDVXVHG&OXVWHUDQDO\VLV:DUGVPHWKRGDQG(XFOLGHDQGLVWDQFHVZDV
DOVRXVHGWRLGHQWLI\JURXSVRI'0$VZLWKVLPLODUFKDUDFWHULVWLFVLQWHUPVRISDWWHUQVXVLQJVWDQGDUGL]HGYDULDEOHV
SULQFLSDO FRPSRQHQW DQDO\VLV ZDV DOVR XVHG WR LGHQWLI\ WKH PRVW UHOHYDQW SUHGLFWRU YDULDEOHV IURP D ODUJH VHW RI
YDULDEOHV
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DUHDVZLWKORZHUGHQVLW\RISRSXODWLRQZKHUHDVWKHGLVWULFWVEHORQJLQJWRWKHFHQWUHVRXWKRIWKHFRXQWU\/LVERQDQG
6HW~EDOKDYHKLJKHUGHQVLW\RISRSXODWLRQFRUUHVSRQGLQJPDLQO\WRXUEDQDUHDV,QWHUPVRIIDPLO\VL]HWKHUHDUH
RQO\RIIDPLOLHVZLWKHOHPHQWVLQ'0$VIURPWKHQRUWKDJDLQVWIURPWKHFHQWUHVRXWK&RQFHUQLQJ
HFRQRPLFDQGLQGLYLGXDOV¶PRELOLW\RIWKHZRUNHUVOLYLQJLQ'0$VIURPWKHQRUWKDUHHPSOR\HGLQWKHWHUWLDU\
VHFWRUDQGRQO\RIUHVLGHQWVKDYHDSRVWVHFRQGDU\FRXUVHRUDXQLYHUVLW\GHJUHHDJDLQVWRIWKHZRUNHUVDQG
 RI JUDGXDWHV LQ '0$V IURP WKH FHQWUHVRXWK 7KH QRUWK UHJLRQ LV FKDUDFWHUL]HG E\ ORZHU DYHUDJH DQQXDO
WHPSHUDWXUH 7  q& DQG KLJKHU DYHUDJH DQQXDO SUHFLSLWDWLRQ 3  PP WKDQ WKH FHQWUHVRXWK UHJLRQ
7 q&DQG3 PP$VH[SHFWHGWKHDYHUDJHGRPHVWLFELOOHGFRQVXPSWLRQSHULQKDELWDQWLQ'0$VIURP
QRUWKLVOLQKGD\ZKLOHLQ'0$VIURPWKHFHQWUHVRXWKLVPXFKKLJKHUOLQKGD\
:DWHUGHPDQGSUHGLFWLRQ
$FFRUGLQJWR>@WKHWHPSHUDWXUHVKRXOGEHLQFRUSRUDWHGLQGHPDQGSUHGLFWLRQPRGHOVGXHWRLWVLQIOXHQFHRQWKH
FRQVXPSWLRQPDLQO\LQRXWGRRUXVHV3UHYLRXV3ULQFLSDO&RPSRQHQW$QDO\VLV3&$UHVXOWVIURP>@ZHUHXVHGWR
H[SORUH0XOWLSOH/LQHDU5HJUHVVLRQ0/5SUHGLFWLRQPRGHOVLQFRUSRUDWLQJDQHZYDULDEOHWHPSHUDWXUH3UHGLFWRU
YDULDEOHV LQFOXGH ILYH 3ULQFLSDO &RPSRQHQWV 3& DQG ILYH YDULDEOHV 7KH ILYH 3&V DUH HOGHUO\ IDPLOLHV DQG
LQGLYLGXDOV¶PRELOLW\IURP6RFLRGHPRJUDSKLFFDWHJRU\SLSHPDWHULDODQGSLSHVL]HIURP,QIUDVWUXFWXUHFDWHJRU\DQG
GRPHVWLFFRQVXPSWLRQIURP%LOOLQJFDWHJRU\7KHILYHYDULDEOHVDUHFRPPHUFLDODQGLQGXVWU\ELOOHGFRQVXPSWLRQ
SXEOLFELOOHGFRQVXPSWLRQFROOHFWLYHELOOHGFRQVXPSWLRQDYHUDJHGDLO\VXPPHUWHPSHUDWXUHDQGUHJLRQ,QDGGLWLRQ
DFRUUHODWLRQPDWUL[ZLWKWKHGLIIHUHQWLQGHSHQGHQWYDULDEOHVZDVFDOFXODWHG7KLVPDWUL[VKRZHGDKLJKFRUUHODWLRQ
EHWZHHQWZRSUHGLFWRUYDULDEOHV±GRPHVWLFFRQVXPSWLRQDQGDYHUDJHGDLO\VXPPHUWHPSHUDWXUH±ZLWKDFRUUHODWLRQ
FRHIILFLHQWRIDQG LQ VRPH UHJUHVVLRQV WKH9DULDWLRQ ,QIODWRU)DFWRU 9,)ZDVFORVH WR6LQFH WKHVH WZR
SUHGLFWRUYDULDEOHVKDYHODUJHPXOWLFROOLQHDULW\WKH\VKRXOGQRWEHFRQVLGHUHGDVLQGHSHQGHQWYDULDEOHVWRJHWKHULQ
WKHSUHGLFWLRQPRGHO0/5ZDVLQLWLDOO\FDUULHGRXWVHSDUDWHO\IRUFHQWUHVRXWKUHJLRQDQGWKHQIRUWKHERWKUHJLRQV
E\LQWURGXFLQJDQHZSUHGLFWRUYDULDEOHUHJLRQ
7KH0/5FDUULHGRXWDLPHGDWLPSURYLQJGHPDQGSUHGLFWLRQPRGHOVGXHWRWKHLQFRUSRUDWLRQRIWHPSHUDWXUH,Q
RUGHU WRDVVHVV WKH LQIOXHQFHRI WHPSHUDWXUH LQ WKH0/5PRGHOV7DEOH VKRZV WKH UHVXOWVZLWKDQGZLWKRXW WKLV
DGGLWLRQDOYDULDEOH0/5UHVXOWVVKRZHGDVLJQLILFDQWLPSURYHPHQWRIWKHZDWHUGHPDQGSUHGLFWLRQPRGHOVZLWKWKH
DGGLWLRQRIWHPSHUDWXUHLQWHUPVRIDGMXVWHGUVTXDUHGDQGVLJQLILFDQFHRIWKHPRGHOSYDOXH&RQVXPSWLRQYDOXHV
LQFUHDVHZLWKWKHWHPSHUDWXUHWKLVLVSURYHQE\WKHUHJUHVVLRQFRHIILFLHQWVRIWKHH[SODLQLQJFRPSRQHQWRIWHPSHUDWXUH
DOZD\VSRVLWLYHDQGKLJKHJE IRUWKHPLQLPXPQLJKWFRQVXPSWLRQSHUFOLHQW2QWKHRWKHUKDQGWKHE
IRU DOO WKH FRQVXPSWLRQ YDULDEOHV VWXG\ LV QHJDWLYH7KLV UHJUHVVLRQ FRHIILFLHQW UHSUHVHQWV WKHYDOXHRI GHSHQGHQW
YDULDEOHZKHQDOOWKHLQGHSHQGHQWYDULDEOHVDVVXPHDQXOOYDOXH7KLVUHVXOWKDVQRSUDFWLFDOPHDQLQJVLQFHWKHYDOXHV
XVHG WR UHJUHVVLRQ DQDO\VLV RI HDFK LQGHSHQGHQW YDULDEOH GR QRW LQFRUSRUDWH WKH YDOXH ]HUR 0RUHRYHU LQ VRPH
LQGHSHQGHQWYDULDEOHVWKLVYDOXHFDQQRWEHLQWURGXFHGHJDYHUDJHGDLO\VXPPHUWHPSHUDWXUH5HVXOWVDUHEHWWHU
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ZKHQFRQVLGHULQJRQO\WKHFHQWUHVRXWKUHJLRQLQVWHDGRIWKHWZRUHJLRQVDOWRJHWKHU7KLVLVSUREDEO\EHFDXVHLQWKH
FHQWUHVRXWKUHJLRQWKHWHPSHUDWXUHKDVDKLJKHULQIOXHQFHRQFRQVXPSWLRQGXHWRKLJKHUDYHUDJHWHPSHUDWXUHVDQG
KLJKHUHFRQRPLFDQGLQGLYLGXDOV¶PRELOLW\
7DEOH5HVXOWVRIGHPDQGSUHGLFWLRQPRGHOVZLWKDQGZLWKRXWWHPSHUDWXUH
5HJLRQ 'HSHQGHQWYDULDEOH
:LWKWHPSHUDWXUH :LWKRXWWHPSHUDWXUH>@
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  
1R
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&RQVWDQWE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GRPHVWLF
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 
,QGLYLGXDOV¶PRELOLW\
E  
5HJLRQE  
$YHUDJHGDLO\VXPPHU
WHPSHUDWXUHE  
'DLO\GHPDQGSDWWHUQVSUHGLFWLRQ
$GDLO\GHPDQGDOORZVWKHHYDOXDWLRQRIWKHFRQVXPSWLRQWKURXJKRXWWKHGD\7KH&OXVWHU$QDO\VLV&$ZDVXVHG
WRFDWHJRUL]HWKHFRPPRQGDLO\EHKDYLRXUVEHWZHHQWKHGLIIHUHQW'0$V7KLVDQDO\VLVFRQVLGHUHGRQO\WKHZLQWHU
SHULRGGXH WR WKHPRUHKRPRJHQHRXVFRQVXPSWLRQ LQ WKLVSHULRGRI\HDUDQGRQO\ WKHZRUNLQJGD\VGXH WR WKH
GLIIHUHQFHEHWZHHQZRUNLQJGD\VDQGZHHNHQGV7KHKRXUO\YDULDWLRQRIFRQVXPSWLRQZDVGLYLGHGE\WKHDYHUDJH
GDLO\FRQVXPSWLRQ7KLVVWHSLVLPSRUWDQWIRUWKHDQDO\VLVRIWKHGLIIHUHQW'0$VDVLWUHPRYHVWKHVFDOHHIIHFWRIHDFK
'0$,QWKH&$WKHKRXUO\FRQVXPSWLRQRIHDFK'0$ZDVFKDUDFWHUL]HGE\WKHPHGLDQGLPHQVLRQOHVVFRQVXPSWLRQ
DQGWKHWKDQGWKHWKSHUFHQWLOHVZKLFKDUHPRUHUREXVWVWDWLVWLFDOPHDVXUHVWKDQWKHXVXDODYHUDJHDQGVWDQGDUG
GHYLDWLRQ$ WRWDO RI '0$V IURP WKH LQLWLDO '0$VZHUH DQDO\VHG DQG WKH W\SHVRI FRQVXPSWLRQSDWWHUQV
UHVXOWLQJIURPWKH&$DUHSUHVHQWHGLQ)LJ
&RQVXPSWLRQSDWWHUQVRI7\SHVDQGFRUUHVSRQGWRWKH'0$VIURPWKHFHQWUHVRXWKRIWKHFRXQWU\/LVERQDQG
6HW~EDOGLVWULFWVZKHUHLQWKHHFRQRPLFDQGLQGLYLGXDOV¶PRELOLW\LVKLJKHUDQGWKHLQGLYLGXDOVVSHQGPRVWRIWKHWLPH
RXWVLGHKRPH HJZRUNRU VWXG\RXWVLGH WKHLUPXQLFLSDOLWLHV7KLV IDFWPD\ H[SODLQ FRQVXPSWLRQSDWWHUQVZLWK
PD[LPXPYDOXHV LQ WKHPRUQLQJ DQGGLQQHUSHULRG DQG ORZHU FRQVXPSWLRQGXULQJ WKHGD\ HVSHFLDOO\ LQ7\SH
0RUHRYHULQ7\SHWKHPD[LPXPYDOXHVDUHWKHKLJKHVWSUREDEO\EHFDXVHLQGLYLGXDOVZRUNLQWKHWHUWLDU\VHFWRU
WKLVIDFWFDQEHDVVRFLDWHGWRKLJKHULQFRPHVWKDWPD\OHDGWRDKLJKHUFRQVXPSWLRQDQGOHVVFRQVHUYDWLRQDWWLWXGHV
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WRZDUGVWKHXVHRIZDWHU>@1RWZLWKVWDQGLQJ7\SHVDQGFRUUHVSRQGWRWKH'0$VIURPQRUWKUHJLRQ2SRUWR
DQG%UDJDGLVWULFWVZKHUHLQWKHFRQVXPSWLRQDUHKLJKHUWKURXJKRXWWKHGD\PRUQLQJOXQFKDIWHUQRRQDQGGLQQHU
SHULRGPRUHVLPLODUZLWKDFRQVXPSWLRQSDWWHUQVLQWKHZHHNHQGV7KHVH'0$VSUHVHQWVDORZHUSHUFHQWDJHRIDFWLYH
SRSXODWLRQRIDJDLQVWIURPWKHFHQWUHVRXWKWKDWFDQH[SODLQWKHKLJKHUFRQVXPSWLRQWKURXJKRXWWKHGD\

)LJ'DLO\YDULDWLRQRIKRXUO\FRQVXPSWLRQD7\SHE7\SHF7\SHG7\SH
7KHUHVXOWRIGHFLVLRQWUHHXVHGWRFODVVLI\WKHGDLO\GHPDQGSDWWHUQIRUZRUNLQJGD\VLVSUHVHQWHGLQ)LJ)RU
WKHGHFLVLRQWUHHWKHFRQVXPSWLRQSDWWHUQVLGHQWLILHGZHUHXVHG7KHWUHHZDVFRQVWUXFWHGXVLQJRQO\WZRYDULDEOHVWR
FODVVLI\WKHGHPDQGSDWWHUQVSXEOLFFRQVXPSWLRQDQGLQGLYLGXDOV¶PRELOLW\
3XEOLFFRQVXPSWLRQLVWKHPRVWLPSRUWDQWYDULDEOHDQGFODVVLILHVWKHGDLO\GHPDQGDFFRUGLQJWRWKHUXOHRI³SXEOLF
FRQVXPSWLRQ´ ³3XEOLF FRQVXPSWLRQ´ZDVREWDLQHG IRU WKH FRQVXPSWLRQ SDWWHUQVRI7\SHV DQG
\RXQJHUFRQVXPSWLRQSDWWHUQVFRUUHVSRQGLQJWRFHQWUHVRXWK'0$V/LVERQDQG6HW~EDO³3XEOLFFRQVXPSWLRQ
´ WKHFRQVXPSWLRQSDWWHUQVREWDLQHGDUHRI7\SHVDQGHOGHUO\FRQVXPSWLRQSDWWHUQVDVVRFLDWHGWRQRUWK
'0$V2SRUWRDQG%UDJD7KHVHFRQGYDULDEOHWREHXVHGZDVWKHLQGLYLGXDOV¶PRELOLW\³,QGLYLGXDOV¶PRELOLW\
´FRUUHVSRQGVRQO\WRFRQVXPSWLRQSDWWHUQVRI7\SH7KXVKLJKYDOXHVRISXEOLFFRQVXPSWLRQDQGKLJK
YDOXHVRILQGLYLGXDOV¶PRELOLW\FKDUDFWHUL]HFRQVXPSWLRQSDWWHUQRI7\SH7KLVUHVXOWLQGLFDWHVWKDW'0$V
ZLWKKLJKSXEOLFFRQVXPSWLRQDQGZLWKODUJHUQXPEHURIJUDGXDWHGLQGLYLGXDOVDUHDVVRFLDWHGWR7\SHFRQVXPSWLRQ
SDWWHUQ2QWKHRWKHUKDQG³LQGLYLGXDOV¶PRELOLW\´FRUUHVSRQGRQO\WR7\SHFRQVXPSWLRQSDWWHUQV³3XEOLF
FRQVXPSWLRQ´DQG³LQGLYLGXDOV¶PRELOLW\´FRUUHVSRQGRQO\WRFRQVXPSWLRQSDWWHUQRI7\SH'0$V
ZLWKKLJKSXEOLFFRQVXPSWLRQDQGORZHUQXPEHURIJUDGXDWHGLQGLYLGXDOVDUHDVVRFLDWHGWRDQHOGHUO\FRQVXPSWLRQ
SDWWHUQYHU\VLPLODUWRZHHNHQGFRQVXPSWLRQSDWWHUQV³,QGLYLGXDOV¶PRELOLW\´FRUUHVSRQGVRQO\WR7\SH
SDWWHUQ

 
 















































&R
QV
XP
SWL
RQ
DY
HUD
JH
GD
LO\
FR
QV
XP
SWL
RQ
+RXU
9(1B6HW 4-3B/LV
Ϭ
Ϭ͘ϰ
Ϭ͘ϴ
ϭ͘Ϯ
ϭ͘ϲ
Ϯ
Ϯ͘ϰ








































&R
QV
XP
SWL
RQ
DY
HUD
JH
GD
LO\
FR
QV
XP
SWL
RQ
+RXU
&0$B/LV '(/B/LV )$%B/LV
%66B6HW 6'0B6HW















































&R
QV
XP
SWL
RQ
DY
HUD
JH
GD
LO\
FR
QV
XP
SW
LRQ
+RXU
5B3RU 9,/B%UD















































&R
QV
XP
SWL
RQ
DY
HUD
JH
GD
LO\
FR
QV
XP
SW
LRQ
+RXU
5B3RU 5B3RU 5B3RU
)5$B%UD $'(B%UD *$0B%UD
*$/B%UD 6$5B%UD 0)5B%UD
D E
F G
956   M. Cabral et al. /  Procedia Engineering  89 ( 2014 )  950 – 957 

)LJ'HFLVLRQWUHHWRFODVVLI\WKHGDLO\GHPDQGSDWWHUQIRUZRUNLQJGD\V
:DWHUGHPDQGSURMHFWLRQ
%HIRUHZDWHUGHPDQGSURMHFWLRQGHPDQGVFHQDULRVZHUHFRQVWUXFWLQJIRUVKRUWWHUP\HDUDQGIRUORQJWHUP
\HDUVLQFRUSRUDWLQJWKHWUHQGVRIHDFKLQGHSHQGHQWYDULDEOHLQWKHGHPDQGSUHGLFWLRQPRGHOV%RWKFRQVWUXFWHG
VFHQDULRVXVHGWKHGHPDQGSUHGLFWLRQPRGHOVIRUWKHFHQWUHVRXWKUHJLRQDQGDUHSUHVHQWHGLQ7DEOH6HYHUDOWUHQGV
RIVRFLRGHPRJUDSKLFYDULDEOHVZHUHFROOHFWHGDQGDQDO\VHGWREHLQFRUSRUDWHGLQWKH0/5DQGLQWKHWUHHGHFLVLRQWR
SURMHFW ZDWHU GHPDQG 7KLV DQDO\VLV ZDV FDUULHG RXW RQO\ IRU WKH FHQWUHVRXWK UHJLRQ WKURXJK IXWXUH VWXGLHV DQG
VWDWLVWLFDOGDWDIURP1DWLRQDO6WDWLVWLFV,QVWLWXWHRI3RUWXJDO,1(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7KH VKRUWWHUP VFHQDULRV DLP WRSURMHFW WKHPRQWKO\SHDNLQJ IDFWRU DQG WRYHULI\ WKH LQIOXHQFHRI VHDVRQDOLW\
WKURXJK WKH WHPSHUDWXUH GR QRW FRQVLGHU FKDQJHV LQ WHUPV RI HOGHUO\ IDPLOLHV DQG SLSHPDWHULDO 7ZR GLIIHUHQW
VFHQDULRVZHUHFRQVWUXFWHGFRQVLGHULQJWZRGLIIHUHQWVLWXDWLRQVLLQFUHDVHDQGLLGHFUHDVHLQDYHUDJHGDLO\VXPPHU
WHPSHUDWXUHFRUUHVSRQGLQJWRDQLQFUHDVHDQGGHFUHDVHRISXEOLFFRQVXPSWLRQUHVSHFWLYHO\7KHVHYDOXHVRIDYHUDJH
GDLO\VXPPHU WHPSHUDWXUHFRQVLGHUHGZHUHq&DQGq&FRUUHVSRQGLQJ WR WKHPD[LPXPDQGPLQLPXP
UHJLVWHUHGYDOXHVIRUWHPSHUDWXUHUHVSHFWLYHO\
7KH ORQJWHUP VFHQDULRV DLP WR SURMHFW WKH PLQLPXP QLJKW GHPDQG DQG WR YHULI\ WKH LQIOXHQFH RI VRFLR
GHPRJUDSKLFYDULDEOHV GRQRWFRQVLGHUFKDQJHV LQ WKHFRPPHUFLDODQG LQGXVWU\ELOOHGFRQVXPSWLRQDQGSLSHVL]H
ZHUHFRQVLGHUHG
7DEOH5HVXOWVRIVFHQDULRFRQVWUXFWLRQIRUVKRUWDQGORQJWHUPIRUWKHFHQWUHVRXWKUHJLRQ
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:KHUHDV QR FKDQJHV LQ HOGHUO\ IDPLOLHV DQG SLSH PDWHULDO DQG LQFUHDVH LQ
DYHUDJHGDLO\VXPPHUWHPSHUDWXUHZKLFKFDXVHVDQLQFUHDVHLQWKHSXEOLFELOOHG
FRQVXPSWLRQ
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:KHUHDV QR FKDQJHV LQ HOGHUO\ IDPLOLHV DQG SLSH PDWHULDO DQG GHFUHDVH LQ
DYHUDJHGDLO\VXPPHUWHPSHUDWXUHZKLFKFDXVHVDGHFUHDVHLQWKHSXEOLFELOOHG
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:KHUHDV QR FKDQJHV LQ FRPPHUFLDO DQG LQGXVWU\ ELOOHG FRQVXPSWLRQ SXEOLF
ELOOHG FRQVXPSWLRQ SLSH VL]H DQG DYHUDJH GDLO\ VXPPHU WHPSHUDWXUH
&RQVLGHULQJDODUJHDJLQJSRSXODWLRQDQGLQFUHDVHRIVPDOOIDPLOLHVDQGLQDFWLYH
ZRUNHUVLQFUHDVHRIRIWKHWUHQGVIRUWKH\HDU

:KHUHDV QR FKDQJHV LQ FRPPHUFLDO DQG LQGXVWU\ ELOOHG FRQVXPSWLRQ SXEOLF
ELOOHG FRQVXPSWLRQ SLSH VL]H DQG DYHUDJH GDLO\ VXPPHU WHPSHUDWXUH
&RQVLGHULQJWKHVRFLRGHPRJUDSKLFWUHQGVIRUWKH\HDU>@

&RQVLGHULQJWKHVRFLRGHPRJUDSKLFWUHQGVIRUWKH\HDU>@DQGLQFUHDVH
LQDYHUDJHGDLO\VXPPHUWHPSHUDWXUHWKLVFDXVHVDQLQFUHDVHLQWKHSXEOLFELOOHG
FRQVXPSWLRQZLWKRXWFKDQJHVLQRWKHULQGHSHQGHQWYDULDEOHV
,QWKHVKRUWWHUPVFHQDULRWKHYDOXHRIFRUUHVSRQGHQWWRWKHFXUUHQWVWDWH\HDUDQGZDVFDOFXODWHGE\
DYHUDJHYDOXHRIPRQWKO\SHDNLQJIDFWRUIRUWKHQLQH'0$VFRQVLGHUHG5HVXOWVRIWKHWZRFRQVWUXFWHGVFHQDULRVVKRZ
JUHDWYDULDELOLW\KLJKOLJKWLQJWKHLPSRUWDQFHWKDWVPDOOFKDQJHVLQDYHUDJHGDLO\VXPPHUWHPSHUDWXUHFDQFDXVHLQ
WKHGHPDQG
,QWKHILUVWWZRFRQVWUXFWHGVFHQDULRVLWZDVSRVVLEOHWRYHULI\RQO\WKHLQIOXHQFHRIHOGHUO\IDPLOLHVRQWKHGHPDQG
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2EWDLQHGSURMHFWLRQVSUHVHQWORZHUYDOXHVWKDQWKHFXUUHQWVLWXDWLRQGXHWRLQFUHDVHRIHOGHUO\VPDOOIDPLOLHV
HOHPHQWVDQGLQDFWLYHZRUNHUV,QWKHWKLUGVFHQDULRLWZDVDOVRFRQVLGHUHGWKHLQIOXHQFHRIDYHUDJHGDLO\VXPPHU
WHPSHUDWXUHDQGFRQVHTXHQWO\RIWKHSXEOLFELOOHGFRQVXPSWLRQ7KHSURMHFWLRQYDOXHIRUWKLVVFHQDULRLVPXFKKLJKHU
WKDQWKHRQHVIURPWKHRWKHUVFHQDULRVDQGIURPWKHFXUUHQWVWDWHKLJKOLJKWLQJDJDLQWKDWVPDOOFKDQJHVRQDYHUDJH
GDLO\VXPPHUWHPSHUDWXUHFDQFDXVHPDMRUFKDQJHVLQWKHGHPDQG
6LQFHWKLVDQDO\VLVRQO\FRQVLGHUHGWKHFHQWUHVRXWKUHJLRQGDLO\GHPDQGSDWWHUQVREWDLQHGZHUHIURP7\SH
&RQFOXVLRQV
7KHFXUUHQWUHVHDUFKDLPHGDWHVWDEOLVKLQJDUREXVWDSSURDFKIRUFRQVWUXFWLRQRIZDWHUGHPDQGVFHQDULRVLQ:'6
7KLV DSSURDFK LQFRUSRUDWHG WKH WUHQGV DQG XQFHUWDLQWLHV LQ WKH ZDWHU GHPDQG SUHGLFWLRQPRGHOV WR SURMHFWZDWHU
GHPDQG7KHWUHQGVDQGXQFHUWDLQWLHVDUHDVVRFLDWHGWRNH\YDULDEOHVGHSHQGHQWRQVRFLRGHPRJUDSKLFLQIUDVWUXFWXUH
QRQGRPHVWLFELOOHGFRQVXPSWLRQWHPSHUDWXUHDQGUHJLRQ
7KHSURSRVHGPHWKRGRORJ\FDQEHXVHGWRSURMHFWZDWHUGHPDQGIRUWKHVKRUW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DQGWKHORQJWHUP\HDUV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ZDVFDUULHGRXWLQUHDOOLIH'0$VIURPH[LVWLQJ:'67KLVVWXG\DOVRFRQWULEXWHGWRLPSURYHH[LVWLQJGHPDQG
SUHGLFWLRQPRGHOV7KHLQFOXVLRQRIWHPSHUDWXUHKDVVLJQLILFDQWO\LPSURYHGWKHZDWHUGHPDQGSUHGLFWLRQPRGHOVLQ
WHUPVRIPHDVXUHVRIJRRGQHVVRIILWLHDGMXVWHGUVTXDUHGDQGSYDOXH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RSHUDWLRQRIZDWHUGLVWULEXWLRQV\VWHPV
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRWKDQNWR3URIHVVRU&RQFHLomR$PDGRIURPWKH'HSDUWPHQWRI0DWKHPDWLFVRI,QVWLWXWR
6XSHULRU7pFQLFRZKRFRQWULEXWHGWRWKLVZRUNLQWKHUHJUHVVLRQDQDO\VLVDQGFRQVWUXFWLRQRIGHFLVLRQWUHHDVZHOODV
WR3RUWXJXHVHZDWHUXWLOLWLHVWKDWKDYHSURYLGHGFRQVXPSWLRQDQGLQIUDVWUXFWXUHGDWDRIWKHLUV\VWHPV
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